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Gliocladium virens is a common saprophytic fungus that is mycoparasitic on a large number of fungi.
Responses of G. virens toward its environment were examined by monitoring the presence of extracellular
proteins in culture fluid during time course experiments. Culture fluid of G. virens grown on glucose, washed
cell walls ofRhizoctonia solani (one of its hosts), olive oil, or chitin contained 1-glucanase, N-acetylglucosamini-
dase, lipase, and proteinase activities. There were relatively minor amounts of other enzymatic activities tested.
Levels of extracellular enzyme activity varied with the age of the culture and the substrate used as the carbon
source. Substrate-associated differences in enzyme activities were detected as early as 8 h after transfer of
mycelia from stationary-phase cultures to fresh metdia. When G. virens was grown on host cell wall material,
13-glucanase had the greatest specific activity of any enzyme tested at 8 h. This result suggests that 1-glucanase
may be the first enzyme important in the G. virens-R. solani interaction. Analysis by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis showed that some of the polypeptides were present in the culture
fluid at relatively constant amounts and others accumulated early, at intermediate times, or late in the 8-day
incubation test period. Several of the polypeptides present in the culture fluid during the first 24 h disappeared
completely by 48 h. Consequently, it appears that extracellular proteins in cultures of G. virens are regulated
by a combination of gene regulation and protein degradation.
Fungi are nonphotosynthetic microorganisms that obtain
nutrition by absorption of metabolites from their environ-
ment. When an insoluble substrate is encountered, a fungus
must be able to synthesize and secrete appropriate enzymes
and absorb enzymatically released, soluble metabolites. Not
unexpectedly, a large number of extracellular fungal en-
zymes have been discovered. Frequently, an individual
fungal strain is found to produce a number of enzymes with
the same or subtly different activities (11, 29, 38).
Gliocladium virens is a saprophytic and mycoparasitic
fungus that has been reported to have biological control
activity (10, 22). Many different enzymes have been ob-
served in cultures of G. virens. Cellulolytic enzyme produc-
tion in G. virens isolated from jute has been analyzed under
fermentation conditions (9, 14). Roberts and Lumsden (26)
found that a high-molecular-weight (MW) fraction of a
5-day-old culture of a biocontrol strain of G. virens grown on
a wheat bran extract medium contained laminarinase, amy-
lase and protease activities and low levels of carboxymethyl
cellulase and chitinase activities. They did not detect pro-
tease, chitinase, or carboxymethyl cellulase activity and
only rarely detected laminarinase and amylase activities in
5-day-old cultures of G. virens grown in minimal medium
supplemented with Pythium ultimum (a host of G. virens)
tissue.
It is clear that extracellular enzymes of fungal mycopara-
sites can digest cell walls of their hosts, and several re-
searchers suggest that these enzymes are important for
biocontrol activity (5, 6, 15, 35). However, the role of these
fungal enzymes in the biocontrol process has not been
definitively proven (17, 31). Lack of correlation of lytic
enzyme production with biocontrol activity (21), or lack of
* Corresponding author.
demonstrable biocontrol activity in high-MW fractions from
culture fluid of mycoparasites (26), may be the result of in
vitro culturing of the biocontrol agent. Maximal inhibitory
activity by a high-MW fraction may require a particular
combination of enzymes at certain relative concentrations
for effective hydrolytic activity. These conditions may be
ephemeral in laboratory-grown cultures. Consequently, we
investigated the extracellular proteins produced by G. virens
grown in minimal medium containing various carbon
sources. We simultaneously monitored a number of enzy-
matic activities in cultures of G. virens over an 8-day period
and examined the extracellular polypeptides produced by
the fungus when it was grown on purified substrates or cell
wall material of one of its hosts. The extracellular polypep-
tides were separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and the relative
concentrations of some of these polypeptides were deter-
mined.
MATERIALS AND METHODS
Fungal strain and media. G. virens RV14 is a clone of G.
virens GV-P (ATCC 52045) reported to have biocontrol
activity against Rhizoctonia solani (10). The parent culture
has been stored in 10% glycerol at -70°C since 1983, and it
was used for the development of a transformation system
(32). Conidia from the parent culture were streaked onto
potato dextrose agar. After 5 to 9 days, conidia were
suspended in sterile H20 and used to inoculate modified
Murashige and Skoog medium (MSM) at a final concentra-
tion of 104 conidia per ml. The non-nitrogen-containing salts
of MSM were not modified (19); however, we used ammo-
nium sulfate (1.9 g/liter) as the nitrogen source and glucose
(24 g/liter) as the carbon source and supplemented the
medium with thiamine (85 ,ug/liter).
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TABLE 1. p-NP substrates used in screening enzymatic activity in fluid from G. virens cultures
p-NP conjugate Activity detected EC no. Reference(s)
N-Acetyl-p-D-galactosaminide P-N-Acetylhexosaminidase 3.2.1.52 20
N-Acetyl-3-D-glucosaminide N-Acetyl-p-glucosaminidase (chitobiase) 3.2.1.30 36
P-D-Cellobioside Cellulose 1,4-,B-cellobiosidase 3.2.1.91 13
P-D-Fucopyranoside 1-D-Fucosidase 3.2.1.38 32
,-D-Galactopyranoside 3-Galactosidase 3.2.1.23 13, 32
a-D-Glucopyranoside ca-Glucosidase 3.2.1.20 12, 34
P-D-Glucopyranoside P-Glucosidase 3.2.1.21 1, 24, 33
Endo-1,3(4)-p-D-glucanase 3.2.1.6 3
Glucan 1,3-p-glucosidase 3.2.1.58 35
Ot-D-Mannopyranoside a-Mannosidase 3.2.1.24 18
P-D-Xylopyranoside Xylan 1,4-p-xylanxylosidase 3.2.1.37 11, 23
Palmitate Triacylglycerol lipase 3.1.1.3 8
Culture conditions. The fungus was incubated with shaking
(100 rpm) for 120 h at 25°C. The fungal tissue was separated
from the culture fluid by centrifugation (10,000 x g, 5 min)
and washed once by centrifugation with an equal volume of
sterile MSM containing no carbon source. The fungal tissue
was resuspended in an equal volume of MSM with one of the
following carbon sources at 1 g/liter replacing glucose at 24
g/liter: glucose (MSMg), washed cell walls of R solani
(MSMr), olive oil (MSMo), or colloidal chitin (MSMc). The
washed cell walls were prepared from a 10-day-old still broth
culture of R. solani LU7. After incubation at 100 rpm and
25°C, the culture fluid of G. virens was separated from the
fungal tissue by filtration through a 10-,um-mesh nylon net.
Protein concentration was determined with Coomassie Plus
Protein Assay Reagent (Pierce) in a 300-,ul microtiter plate
assay; the optical density (OD) at 460 nm was subtracted
from the OD at 595 nm. Protein concentrations were calcu-
lated from the observed OD values by standard curves (for
bovine serum albumin) with a quadratic regression fit (2).
The extracellular macromolecules in the culture fluid were
concentrated in a MacroSep centrifugal concentration de-
vice with an MW cutoff of 10,000 (Filtron). The high-MW
fraction was washed with 10 mM MES (morpholineethane-
sulfonic acid; pH 6.0) and concentrated again. The samples
were kept cold, and the protein concentration was adjusted
to 0.5 or 1.0 mg/ml. One portion of each sample was diluted
with an equal volume of glycerol and stored at -20°C, and
another portion was diluted with an equal volume of SDS-
isoelectric focusing-PAGE solubilization buffer {10 mg of
CHES (2-[N-cyclohexylamino]ethanesulfonic acid; pH 9.5)
per ml, 20 mg of SDS per ml, 10% glycerol, 5% ,B-mercap-
toethanol}, denatured for 10 min at 100°C, and stored at
-700C.
Enzyme assays. The p-nitrophenol (p-NP) conjugates used
in this study and enzyme activities detected are listed in
Table 1. The activity observed in our high-MW fractions is
the sum of the activities of an undetermined number of
enzymes capable of cleaving the substrate tested. Generally,
enzymes with exoenzyme activity or a preference for oligo-
meric substrates are most active on p-NP substrates. How-
ever, within a given EC class, differential hydrolysis of some
of these substrates has been reported (33). Azocoll has been
used to detect nonspecific proteolytic activity (e.g., see
reference 27).
Initial assays of high-MW fractions were performed within
48 h of sample collection. No loss of enzymatic activity was
detected for at least 30 days in samples processed as
described above. The amount of protein added to each
enzyme assay was adjusted to yield OD readings below 2.5.
Substrates containing p-NP conjugates were used at 1 mM in
200-,ul assay mixtures in microtiter plates, and Azocoll was
used at 5 mg/ml in 400-pl assay mixtures in microcentrifuge
tubes. The assay mixtures were buffered with 50 mM sodium
citrate (pH 3.0, 4.5, or 6.0), with 50 mM sodium MOPS
(morpholinepropanesulfonic acid; pH 7.5), or with the uni-
versal borate-citrate-sodium phosphate buffer of Carmody
(4) at pH 2.5 to 10.0 with a gradient of 0.5 pH units. All assay
mixtures were incubated for 60 min at 25°C. For the p-NP
assays, Tris HCl (pH 9.0) was added to 167 mM in a final
volume of 300 pl, and the OD of the released p-NP was read
at 410 nm. For the Azocoll assay, the assay mixture was
centrifuged (12,000 x g, 4 min, 4°C); 300 pul of the superna-
tant was transferred to a microtiter plate, and its OD was
read at 550 nm.
The E401 (1 mM) for our p-NP standard was verified and
correlated to readings obtained under our assay conditions
on a microtiter plate reader at 410 nm. Units of enzyme
activity against the p-NP substrates are reported in micro-
moles of p-NP released under our assay conditions per
milliliter of culture fluid. Proteinase activity is expressed in
arbitrary units, and thus it is not directly comparable to the
activity observed against the other substrates.
Electrophoresis. One-dimensional SDS-PAGE was per-
formed by standard techniques (16) with 5% acrylamide
stacking and 12% acrylamide separating gels (180 by 180 by
0.75 mm). Each lane was loaded with 5 p,g of protein, and
polypeptides in gels were visualized by color silver staining
(28). The gels were analyzed with a BioImage Visage 110
system (Millipore).
Experiments were repeated two times. For protein pro-
duction and enzymatic activity, the major variation among
experimental replications was the time of onset of observed
changes rather than the shape of the curve. Presumably,
variation in the time of onset of response resulted from lag
time differences in the cultures. Consequently, representa-
tive as opposed to averaged results are presented. Multiple
SDS-PAGE separations were performed on each sample.
RESULTS
Changes in the culture fluid pH and protein concentration
when G. virens was grown on MSM with different carbon
sources are shown in Fig. 1. The pH of the filtered culture
fluid dropped to below 4 during the first 8 h after stationary-
phase cultures of the fungus were transferred to fresh media
and then rose during the next several days. Protein concen-
tration increased rapidly over the first 3 days.
Enzyme assays. Preliminary experiments showed that a pH
VOL. 59, 1993
 o
n
 Septem
ber 11, 2018 by guest
http://aem
.asm
.org/
D
ow
nloaded from
 
238 vAN TILBURG AND THOMAS
36.5
~~~~~~cr4.J
40 -
320-
10
0
24 48 72
96
120 144 168 192Age of culture (hours)
FIG. 1. Culture fluid pH (A) and concentration of soluble pro-
teins (B) in cultures of G. virens grown in MSM supplemented with
glucose (0), washed cell walls of R. solani (0), olive oil (L1), or
chitin (-).
of 4.5 was optimal for screening all enzymatic activities
except proteinase activity. All of the substrates listed in
Table 1 were used in time course experiments (assayed at pH
4.5). Hydrolytic activity was observed against all substrates
except p-NP-a-D-mannopyranoside. There was relatively
little activity against several of the substrates (Fig. 2), and
these substrates were not used in subsequent studies. The
major enzymatic activities were further tested over a wide
pH range in order to observe potential shifts in pH optima
for enzyme activity over time. When N-acetylglucosamini-
dase activity was tested at pH 2.5 to 10.0, the maximum
activity was observed at pH 5.5 (Fig. 3). When G. virens was
grown on MSMg, MSMo, or MSMc, acid N-acetylglu-
cosaminidase activity occurred at 24 h but later declined
relative to the activity observed at higher pH. Figure 3
understates the prominence of the acid activity at 24 h
because the activity is expressed in units per milliliter and
there was comparatively little protein in fluid from younger
cultures. Representative specific activities against p-NP-N-
acetyl-3-D-glucosaminide in MSMc were 614 U/mg (pH 2.5)
and 583 U/mg (pH 5.5) at 24 h, 175 U/mg (pH 2.5) and 380
U/mg (pH 5.5) at 72 h, and 214 U/mg (pH 2.5) and 478 U/mg
(pH 5.5) at 144 h.
Activity against p-NP-N-acetyl-3-D-glucosaminide paral-
leled activity against p-NP-N-acetyl-13-D-galactosaminide.
The average of the ratio of activity against p-NP-N-acetyl-
P-D-glucosaminide to activity against p-NP-N-acetyl-3-D-
galactosaminide in all samples was 1.670, with a standard
deviation (SD) of 0.217. Thus, the latter activity is not
presented separately in a figure. The ratio of p-NP-3-D-
galactopyranoside-hydrolyzing activity to p-NP-P-D-glu-
copyranoside-hydrolyzing activity did vary considerably
among samples. The greatest variation was observed in
samples from cultures grown on MSMg; the ratio was 0.841
(SD = 1.535). The other ratios were as follows: MSMr, 0.406
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FIG. 2. Hydrolytic activity against several p-NP conjugates in
high-MW culture fractions collected at various times. G. virens
RV14 was grown in MSMg (A), MSMr (B), MSMo (C), and MSMc
(D). Symbols: 0, p-NP-P-D-cellobioside; *, p-NP-3-D-xylopyrano-
side; l, p-NP-a-D-glucopyranoside; *, p-NP-13-D-galactopyrano-
side; A, p-NP-3-D-fucopyranoside.
(SD = 0.166); MSMo, 0.454 (SD = 0.356); and MSMc, 0.357
(SD = 0.146). We will refer to the hydrolysis of p-NP-3-D-
glucopyranoside as P-glucanase activity.
No shifts in pH optima were observed in enzymatic
activity against either p-NP-P-D-glucopyranoside or p-NP
palmitate; therefore, only data from cultures of RV14 grown
on MSMr are presented (Fig. 4). The ,3-glucanase activity
had a pH optimum of 4.5, and the lipase activity had a broad
pH optimum range between pH 3.5 and 7.5. Under our assay
conditions, p-NP palmitate was somewhat unstable, sponta-
neously releasing some p-NP above pH 8.5. The high-MW
fraction that was added in these assays appeared to have a
APPL. ENvIRON. MICROBIOL.
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FIG. 3. N-Acetylglucosaminidase activity in high-MW fractions
from cultures of G. virens at various ages tested over a range of pH.
The culture media used were MSMg (A), MSMr (B), MSMo (C), and
MSMc (D). Symbols: 0, 24 h; *, 48 h; El, 72 h; *, 96 h; A, 120 h;
A, 144 h.
stabilizing effect on p-NP palmitate, yielding negative values
after the no-enzyme control values at pH 9.5 and 10.0 were
subtracted. Values less than 0 are not shown in Fig. 4.
There was acid proteinase activity (pH optimum, 4.5) in
young cultures of G. virens. At 24 h, there was approxi-
mately 2 U/ml in cultures grown on MSMg or MSMo, and
this activity disappeared by 48 h. In samples from MSMr or
MSMc cultures, there was 5 U of proteinase activity per ml
(pH 4.5) at 24 h; this activity decreased to 2 U/ml by 48 h and
disappeared by 72 h. By 48 h, proteinase activity with a pH
optimum of 7.5 predominated in all cultures (Fig. 5).
For the major hydrolytic enzyme activities, the maximum
B \
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FIG. 4. Activity against p-NP-13-D-glucopyranoside (A) and
p-NP palmitate (B) in high-MW fractions from cultures of G. virens
grown in MSMr. Symbols: 0, 24 h; 0, 48 h; 0, 72 h; M, 96 h; A, 120
h; A, 144 h.
activity and the incubation time at which it was achieved
varied with respect to the carbon source in the growth
medium (Table 2). Cultures of G. virens grown on MSMr
maintained maximum activity against p-NP-3-D-glucopyra-
noside from 2 to 4 days. Cultures grown on MSMc had two
peaks of activity against p-NP-N-acetyl-o-D-glucosaminide:
6 U/ml at 24 h (dropping to 1.5 U/ml by 40 h) and a maximum
of 14 U/ml at 7 days.
Specific activity relates the amount of enzyme activity to
the total protein present. Thus, it is a measurement of the
relative prominence of an enzyme activity in crude culture
fluid. The maximum specific activity against p-NP-P-D-
glucopyranoside occurred at 8 h, and the maximum activity
against p-NP-3-D-glucosaminide occurred at 192 h (Fig. 6).
Both of these activities were detected as early as 8 h, but
increases in these activities were initially not as great as the
increases in activities of other proteins in the culture fluid,
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FIG. 5. Proteinase activity tested at pH 7.5 in high-MW fractions
from cultures of G. virens grown in MSM supplemented with
glucose (0), washed cell walls of R. solani (0), olive oil (-), or
chitin (A).
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TABLE 2. Major hydrolytic activity in cultures of G. virens
grown on various carbon sources
Maximum activity in U/ml (age of culture in days) in:
Substratea
MSMg MSMr MSMo MSMc
p-NPG 0.25 (3) 0.2 (3) 0.15 (4) 0.1 (4)
p-NPAGA 5 (7) 8 (8) 6 (8) 14 (7)
p-NP palmitate 2 (3) 2 (3) 4.5 (3) 2 (2)
Azocoll 115 (3) 22 (4) 15 (8) 22 (2)
a p-NPG, p-NP-13-D-glucopyranoside; p-NPAGA, p-NP-N-acetyl-p3-D-glu-
cosaminide.
resulting in a drop in specific activity. Total activity against
p-NP-3-D-glucopyranoside remained relatively constant af-
ter 48 h (Fig. 4), whereas activity against p-NP-N-acetyl-p-
D-glucosaminide continued to increase throughout the ex-
periment (Fig. 3). Therefore, when the amount of culture
fluid protein stopped increasing rapidly (after 3 days), the
specific activity against p-NP-N-acetyl-p-D-glucosaminide
increased.
Polypeptide electrophoresis. Figure 7 is a contrast-en-
hanced photograph of color silver-stained extracellular poly-
peptides from cultures of G. virens. Younger cultures
showed greater differences in polypeptide content among
samples grown on different substrates than did older cul-
tures. Overall, between 20 and 38 polypeptide bands were
resolved in each sample by PAGE. The complexity of the
samples (measured by the number of bands resolved) did not
correlate with the carbon source used. Use of the color silver
staining procedure provides evidence in addition to MW that
certain polypeptides in different samples are the same
polypeptide. Many of the polypeptides among different
samples could be putatively identified as being identical by
electrophoretic and staining characteristics. Consequently,
the change in integrated OD of these polypeptides over time
could be quantitated. Some of the polypeptides were present
in the culture fluid at relatively constant amounts, while
others accumulated early, at intermediate times, or late in
the 8-day incubation period (Fig. 8).
DISCUSSION
It is essential to look at the complex of extracellular
enzymes in order to fully understand the response of a
fungus to its environment. Many extracellular enzymes work
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FIG. 6. Percentage of maximum specific activity against four
substrates in high-MW fractions from cultures of G. virens grown in
MSMr. Symbols: 0, p-NP palmitate; *, p-NP-0-D-glucopyrano-
side; El, p-NP-N-acetyl-I-D-glucosaminide; U, Azocoll.
FIG. 7. SDS-PAGE separation of extracellular polypeptides
from cultures of G. virens. Lanes: 1 and 17, MW markers (in
thousands); 2, MSMg (16 h); 3, MSMo (16 h); 4, MSMc (16 h); 5,
MSMr (16 h); 6 through 13, MSMr (24 to 192 h at 24-h intervals); 14,
MSMc (192 h); 15, MSMo (192 h); 16, MSMg (192 h).
in concert for the digestion of macromolecules. For exam-
ple, complete digestion of cellulose normally requires the
activity of three enzymes (EC 3.2.1.4, EC 3.2.1.21, and EC
3.2.1.91). A mycoparasite is presented with an even greater
challenge than producing a number of enzymes for the
digestion of a single type of macromolecule because the host
tissue that it encounters is a complex matrix comprising a
mixture of macromolecules. In particular, the cell walls ofR.
10 .
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FIG. 8. Analysis of polypeptide accumulation in culture fluid of
G. virens RV14 grown on MSMr (A) or MSMc (B). MWs of
polypeptides (separated by SDS-PAGE) are as follows: those in
common in both media, 39,600 (0), 32,400 (-), 16,200 (E), and
6,900 (U); those unique to MSMr cultures (A), 35,500 (A) and 27,800
(A); and those unique to MSMc cultures (B), 38,200 (A\) and 28,500
(A).
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EXTRACELLULAR PROTEINS OF G. VIRENS 241
solani are composed of a matrix of chitin, 0-glucans, glyco-
proteins, and lipids (7, 30).
Our experimental approach was designed to simulta-
neously monitor a number of activities sampled over time in
crude enzyme preparations, allowing us to more fully inves-
tigate enzymatic responses that the fungus makes to its
environment. With the exception of the Azocoll, the sub-
strates that were used are dimers or oligomers containing
p-NP. The use of p-NP conjugates allowed us to test as many
as 10 substrates (and controls) on eight samples in a single
microtiter plate. This experimental approach permits a num-
ber of conclusions to be drawn from our observations even
though crude, unpurified samples were used. Glucose in the
culture medium did not preclude the production of hydro-
lytic enzymes, which indicates that G. virens makes detect-
able levels of enzymes for the digestion of macromolecules
even though the substrates are absent. With the exception of
a-D-mannopyranoside, activity against all enzymatic sub-
strates tested was observed regardless of the carbon source
used in the culture. However, substrate-associated differen-
tial enzyme activities were detected as early as 8 h after
transfer of mycelia from a stationary-phase culture to fresh
medium. This result shows that the fungus was capable of a
very rapid response to its environment considering the steps
involved, i.e., transition from stationary growth phase,
recognition of insoluble substrates, induction of mRNA
synthesis (assuming regulation at the transcriptional level),
protein synthesis, export of the proteins from the cell
through the periplasm to the culture fluid, and accumulation
of the enzymes to detectable levels. The substrate-associ-
ated differences that we observed were, for the most part,
differences in the timing and levels of accumulation of
specific enzymatic activities. These observations suggest
that there is intricate regulation of the individual components
in the complex of extracellular enzymes.
Since the pH of the culture fluid changed over the incu-
bation period, it was considered possible that enzymes with
different pH optima are present at different times. There was
evidence of increased acid N-acetyl-p-glucosaminidase ac-
tivity relative to the activity at higher pH in 24- to 48-h-old
cultures of G. virens when glucose, olive oil, or chitin was
used as the carbon source (Fig. 3). The acid N-acetyl-,B-
glucosaminidase activity was not as pronounced when
washed cell walls of R solani were used. This attenuation
may be the result of the higher initial pH (Fig. 1), or the
complex composition of the cell wall material may attenuate
the formation of the acid N-acetyl-3-glucosaminidase activ-
ity. Higher levels of acid proteinase activity (with maximum
activity at pH 4.5) were observed in young cultures grown in
MSMr and MSMc than in cultures grown in either MSMg or
MSMo. Other than these, there was no evidence of pH
optimum shifts of the major enzymatic activities during
culture of G. virens on the various substrates. These data
suggest that different enzymes which have N-acetyl-f3-glu-
cosaminidase or proteinase activity were produced at differ-
ent times and that if the fungus produced multiple forms of
either 3-glucanases or lipases, they had similar pH activity
optima.
The level of enzymatic activity varied with the age of the
culture and the substrate used as the carbon source for G.
virens. When G. virens was grown on medium containing
washed cell walls of R. solani, maximum lipase and protei-
nase activities overlapped with the maximum 13-glucanase
activity (3 to 4 days), while N-acetylglucosaminidase activity
was still increasing at the end of the experiment (8 days). The
maximum levels of enzyme activity in MSMr cultures were
intermediate with respect to cultures containing single car-
bon sources. The timing of enzyme accumulation may be
suggestive of the order in which G. virens encounters the
individual components in the cell wall matrix, and the
amount of enzyme produced may reflect the lower concen-
trations of the individual components of the washed cell
walls relative to the concentrations of the purified substrates
in the media. At 8 h, ,-glucanase had the greatest specific
activity of any enzyme tested in culture fluid of G. virens
grown on MSMr. This observation indicates that it is one of
the first enzymes produced in response to cell wall material
and that it may be the first enzyme important in the G.
virens-R. solani interaction.
Several of the polypeptides present in the culture fluid
during the first 24 h disappeared completely by 48 h (Fig. 7).
The appearance of these early polypeptides may reflect a
carryover of protein synthesis from the previous culture
conditions (before the fungal tissue was washed and trans-
ferred to fresh MSM with various carbon sources). These
polypeptides seem not to be induced; rather, their synthesis
may not be immediately down-regulated by the new culture
conditions. Some of these polypeptides were present in the
stationary-phase culture fluid from which the fungal tissue
was transferred, supporting the idea of carryover synthesis
(data not shown). However, substrate-specific protein syn-
thesis was also induced as early as 8 h (shown by the
presence of enzymatic activity).
The concentrations of some of the polypeptides were
relatively constant, while others disappeared from the cul-
ture fluid at various incubation times (Fig. 7 and 8). Thus, it
appears that there are specific mechanisms allowing differ-
ential enzyme degradation. Mechanisms that may be in-
volved include production of specific proteinases capable of
digesting certain classes of extracellular proteins, differential
glycosylation, and differences in amino acid sequences that
result in variation in protein stability. We are currently
investigating these potential mechanisms. The intricate reg-
ulation of extracellular proteins in cultures of G. virens
appears to be achieved by a combination of gene regulation
and protein degradation.
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